Essential oils of the branches and leaves, flowers, and fruits of Micromelum hirsutum (Rutaceae) collected in Vietnam were investigated. Essential oils were obtained by hydrodistillation and analyzed by GC and GC/MS techniques. Essential oils yields were 0.07%, 0.125%, and 0.22% (w/w), respectively, and in each oil 43, 49, and 37 components were identified, comprising 86.0, 86.3, and 96.4% of the total amount, respectively. All the essential oils were screened for antimicrobial activity, showing positive results against various strains of bacteria and fungi. The essential oil of the flowers was also found to have cytotoxic effect against three cancer lines by in vitro assay.
Micromelum hirsutum Merr, belonging to the Rutaceae family, is a small tree or shrub, usually smaller than 5 m. The plant is flowering from October to January and its flowers are white or yellow and the ripened fruits are orange or red. In Vietnamese traditional medicine, the smashed leaves are used for covering wounds and for massages, while leaf or root decoctions are used to cure fever, rheumatism, and different aches [1] . Phytochemical investigations of the plant revealed the presence of some phenolic constituents, two coumarins, micromelin and magnolioside, and three flavonoids, in the leaves [2] and six carbazole alkaloids and a γ-lactone derivative of oleic acid in the stem bark [3] , respectively. There is no report on M. hirsutum essential oils composition. In the present work we identified the constituents of the essential oils of the branches and leaves, fruits, and flowers of the plant, growing wild in a mountain-forest region of Vietnam. The antimicrobial and cytotoxic activities were investigated as well. The components of all the essential oils are shown in Table 1 . The essential oil of the branches and leaves was obtained in a yield of 0.07%. GC and GC-MS analyses resulted in the characterization of 43 compounds, representing 86% of the oil. The monoterpenes (total number of 10, 7 are in trace) are present in a small percentage (0.7% extensively) and they are: (E)-β-ocimene (0.1%), the oxygenated linalool (0.4%), and (E)-geranyl acetone (0.2%). The main constituents of the oil are sesquiterpenes, representing 78% of the composition with 45.4% hydrocarbons and 33.5% oxygenated sesquiterpenes. Among them, the hydrocarbon bicyclogermacrene, with 26.1%, and the oxygenated sesquiterpene spathyulenol, with 18%, are the major components; they are followed by α-humulene (9.1%) and β-caryophyllene (8.2%). The essential oil also contained three non-terpenic open-chain aldehydes (0.7%), a phenylpropanoid, myristicin (0.3%), and five esters (5.4%), of which three are esters of butyric acid with hexyl butyrate (5% of the total oil).
The yield of the essential oil of the flowers of the plant was 0.125%. There were characterized 49 compounds, constituting 86.3% of the oil. The monoterpenes are present at 2.6%. Terpinolene (0.2%) and (E)-β-ocimene (trace) represent the group of hydrocarbons, and citronellyl formate (2%), linalool (0.4%), α-terpineol (trace), and geraniol (trace) the oxygenated compounds. The essential oil is rich in sesquiterpenes (hydrocarbons 67.5%, oxygenated 14.7%) comprising, in the major quantity, bicyclogermacrene (27.2%), α-humulene (19.6%), and β-caryophyllene (16.5%). In a small percentage there are also found the aldehydes with open chains (0.7%) and the esters of alcohols with non-terpenic structure acids (0.5%).
GC/MS analysis of the essential oil of the fruits has resulted in characterization of 37 compounds representing 96.4% of the oil (0.22% yield). The monoterpenes occur at 1.3%. The hydrocarbons are present as (E)-β-ocimene at 0.2%, limonene at 0.2%, and three other compounds in trace. The oxygenated monoterpens are represented by linalool (0.9%) and α-terpineol (trace). The sesquiterpenes, in the total amount of 6.2%, consist of hydrocarbons at 4% and oxygenated at 2.2%. The oil contains also five aldehydes with a non-terpenic structure, hexanal (0.6%) and the others in trace amount, and an alcohol (E)-3-hexen-1-ol in traces, as well. The main constituents were found to be the esters of alcohols with open chains, non-terpenes (11 compounds), esterified with acids also with open chains in 83.6% of the total oil. Among them, hexyl-n-hexanoate predominates a 58.1%, followed by hexyl butyrate a 21.9% of the total essential oil.
The differences in composition among the three organs of the plants overlap both the differences between the single compounds and the main chemical classes: the essential oils of the branches and leaves and the flowers contain small quantities of Antimicrobial activity was determined by measuring the minimal inhibitory concentration (MIC) of the essential oils. Essential oils having a MIC value not more than 200 µg/mL were considered active; those showing a MIC value of 50 µg/mL were characterized as being strongly active ones. All of the essential oils show at least MIC value of 200 µg/mL against Gram (-) and Gram (+) bacterial strains. Among these, the essential oil of the branches and leaves was strongly active against E. coli and S. aureus and the essential oil of the flowers showed the same activity against those two, above-mentioned, bacterial strains and additionally against B. subtilis. The essential oil of the flowers of M. hirsutum was found to be strongly active against A. niger, F. oxysporum, and C. albicans. The essential oils of the branches and leaves and the fruits showed, respectively, strong activity and activity against A. niger. All the oils of the plant showed both antibacterial and antifungal activities. The essential oil of the flowers was strongly active against six from eight studied microbial strains. Hep-G2 -Hepatocellular carcinoma; RD -Rhabdosarcoma; LU -Lung carcinoma. Ellipitcine is used as the positive control. DMSO is the negative control. Tables 2 and 3 show the results from the cytotoxicity test. Essential oils demonstrating ED 50 values of less than 20 µg/mL may be considered to be active. The essential oil of the flowers of M. hirsutum was found to be very weakly active against all the tested cell lines. 
Essential oil isolation:
The branches and leaves, fruits, and flowers of the plant were air dried at room temperature and the essential oils were obtained by hydro-distillation using a Clevenger-like apparatus for 2 h. The oil was then aspirated from the surface by mean of the syringe.
GC and GC-MS analysis:
The GC analyses were accomplished with a HP-5890 Series II instrument equipped with HP-WAX and HP-5 capillary columns (30 m × 0.25 mm, 0.25 μm film thickness), working with the following temperature program: 60ºC for 10 min, ramp of 5ºC/min up to 220ºC; injector and detector temperatures 250ºC; carrier gas nitrogen (2 mL/min); detector dual FID; split ratio 1:30; injection of 0.5 μL of a 10% n-hexane solution. The identification of the components was performed, for both the columns, by comparison of their retention times with those of pure authentic samples and by means of their linear retention indices (LRI) relative to the series of n-hydrocarbons. The relative percentages of the essential oil constituents were obtained by FID peak-area normalization; all relative response factors being taken as one. GC/EIMS analyses were performed with a Varian CP-3800 gaschromatograph equipped with a DB-5 capillary column (30 m × 0.25 mm, 0.25 μm coating thickness) and a Varian Saturn 2000 ion trap mass detector. Analytical conditions: injector and transfer line temperatures 220 and 240ºC, respectively; oven temperature programmed from 60-240ºC at 3ºC/min; carrier gas helium at 1 mL/min; injection of 0.2 μL (10% n-hexane solution); split ratio 1:30; scan time 1s; mass range m/z 35-400. Identification of the constituents was based on comparison of the retention times with those of authentic samples, comparing their linear retention indices relative to the series of n hydrocarbons, and on computer matching against commercial (NIST 98 and ADAMS) and home made library mass spectra developed from pure substances and components of known oils and MS literature data [4] . Moreover, the molecular weights of all the identified substances were confirmed by GC/CIMS, using MeOH as CI ionizing gas (the same apparatus and analytical conditions as above).
Antimicrobial activity assays:
The antimicrobial assay was based on liquid dilution method of Vanden Berghe and Vlietinck [5] . Eight strains of bacteria and fungi were used. 
